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LUNAR STATION TELEVISION CAMERA
by

A.S. Titov, and v.p. Chemodanov

Selivanov, V.N, Govorov, A.S,.
On 3 February 1966 the Soviet automatic station Lung-9 was the first to
achieve a soft landing on the surface Oof our satellite. One of the
important tasks of this Space experiment was the television investigation
of the microstructure of the lunar surface that is iundamentally not
discernible with terrestrial means of observation. The image of the
lunar landscape was transmitted by means of a panoramic [wide-angle]

1V camera I installed in the center of the upper portion of the auto-
matic lunar station (fig. 1) which is a spherical container 2 having

a low center of gravity. The station is oriented on the surface by

teans of four opening petals-—antenna 3. The field of view of the pano-
ramic camera includes rod antennas 4 and narrow dihedral [two-faceted]

mirrors & designed to obtain stereoscopic images in a restricted angle
of view. ' _ ' :
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The station had no solar batteries,
its operational resource was com-
pletely determined by the energy
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the development of the camera.
ti.e lunar landscape is its

storage of the chemical power sup-
Plies installed aboard. 1In connection
with this, naturally, quite rigid
[strict] requirements in the economy
of power were imposed on the onboard
equipment of the station. Another
important requirement—small size
and weight of the instruments—was
dictated by the known difficulties
of delivering equipmant to the sur-
tace of the moon.

CONDITIONS OF IMAGE TRANSMISSION

The moon as an object of TV trans-
mission has a whole series of dis-
tinctive features. This was taken
The characteristic

immobility. Only shadows of the

surface irregularities change their length as a function of the height
I of the sun, but this occurs relatively slowly: the length of the day on
the moon is approximately 14 earth days and therefore the height of the

sun changes only 0.5° per hour. 1In practice it ig possible to speak of
the transmission of a stationary image.

Lighting conditions on the moon have been adequately determined.
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incident: flux of solar light recaches its surface without being absorbed
and creates an illumination o“ somewhat less than 150,000 lux on an
area perpendicular to the incident flux,

At the same time the reflected light
beam strongly varies as a function
of the height of the sun and the

i direction of observation. According

o to astronomical data [ref. #1}, the
fgﬁ / characteristics of reflection (scat-
S tering curve) of the lunar surface
//,/’j/ have an unusual pear shape elongated
» // towards the light source (fig. 2).
g These curves [or: indexes] are
‘ characteristic for strongly turned
[dug up] rock and were obtained by
g ol earth observations of arcas of the
v lunar surface having considerable
Figure 2 dimensions. Although the extension

of these data to the previously un-~
investigated microrelief were
questionable, they were necessary to take into consideration.

There is also another photometric feature of the lunar surface. Due to
the low coefficient of reflection of the lunar rock, on the average
equal to 0.1, as well as several other reasons, the range of brightness
of details of the lunar relief in the majority of cases does not exceed
3.5. Thus, the problem was reduced t.o transmitting the images of low-
contrast objects on a background whose average brightness varies to a
considerable degree. In addition, it was necessary to consider the
operation of the instrument under the transient conditions of early
lunar morning at small [low] altitudes of the sun, when the character
of the illumination can be very uncertain. Also, there was also the
possibility of the station falling into a depression in the lunar sur-
face where very low illumination could be expected.

All this required the development of a TV camera having a sufficiently

high wximum sensitivity and a special system of automatically controlling

this sensitivity (ASC) [=Automatic Sensitivity Control] which would
Serve as a means of adaptation to the variable and previously unknown
conditions of operation.

PRINCIPLE OF OPVERATION

The camera of Lung-9 is an optico-mechanical scanning device which in

its design can be attributed to instruments of mechanical television
of phototelegraphy.

The selection of a mechanical System for image transmission from the
surface of the moon was made after a thorough analysis and compavative
tests of various image~transmission systems. Unlike electronic TV
systems, the optico-mechanical system is slow acting, it is not capable
of transmitting the image of fast-moving objects. However, in this case
this condition best corresponds to the conditions of transmission of the
still lunar landscape.
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With the slow transmission of the image, the frequency band of the video
signal is quite narrow and the signal can be transmitted by way of an
economical radio-communication channel using an onboard low~-power
transmitter and directional antenna,

According to the operating conditions, i* was necessary to have a cir-
cular, or in any case, sufficiently wide-angle field of view of the
surroundin¢ surface. In solving this problem wit} electronic TV cameras,
the latter are equipped with auditional Subassemblies that make it
possible to direct the position of its viewing axis by rotating either
the whole camera or some optical element, €.9., a mirror installed in
front of the lens, These subassemblies are, in fact, mechanical-
scanning elements, often, of course, of not-too-high precision. In
completely mechanical systems there is usually no need to base the
functions of the coverage on any supplementary subassemblies—~they are
easily filled by a scanning device that leads to a substantial simpli-
fication of the equipment and a reduction in its weight.,

It is known that mechanical systems where the effect of accunulation
[storage) is not used have potentially considerably lower sensitivity
than the electronic systems. At the same time, in the operation of

a video signal having a bandwidth of several hundred Hertz, the absolute
values of the sensitivity of the mechanical systems are on a level of

good wide-band electronic devices where camera tubes of the vidicon type
are ' -ed,

As a whole, the optico-mechanical
system to a greater degree than the
electronic can satisfy the strict
requirements for weight, size, power,
and operational reliability which
are imposed on instruments of the
automatic lunar station.

The image transmission in this camera
is produced by means of a device
consisting of a mirror 1, cam 2, and
objective [lens] 3, in whose image
plane a stopping [cut-off] diaphragm
P 4 (fig. 3) is installed. Directly
behind the diaphragm is a light
Figure 3 collector 5. The mirror accomplishes
two movements: a fast one—oscillation
along the vertical (line scanning) and a slow rotation in the horizontal
plane-——the frame panoramic scan, scanning the area as shown in fig. 4.

The major convenience of this type of scanning device is that the
parameters of scanning are not a function of the characteristics cf

the lens. Specifically, the angle of coverage is not connected to

the angle of view of the lens and can reach 360° at least in one directicn.
It also does not restrict the selection of the relative aperture and

focal length of the lens which is made independent on the basis of the
need of obtaining the assigned sensitivity, depths of focus, or size.
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PARAMETERS OF THL SCANNING DEVICE

The cut-off diaphragm is placed at
the center of the focal plane of the
lens where the hest image quality is
assured. It forms a scanning ele-
ment and determines the angular scan
rate of the device. If F is the
focal length of the lens and d the
diameter of the diaphragm, then the
angular resolving power can be

Figure 4

found from the expression:

Au (radians) (1)

P

The rensitivity of the camera is a function in final analysis of the
value of the luminous flux Tmin incident on the light collector from
objects having a minimum brightness Bp;,. The luminous flux ig

CZZ'ITTBm'[nDZ

Yy TR (2)

Imin =

Here D is the diameter of the [inlet aperture of] the lens; v is its
coefficient of transwission.

At the assigned value of Aa, expression (2) is converted into:

_ 2 'II'D2
Tmin= TL0“Biyin v (3)
As is seen in this case the basic design parameter which definas the
minimum luminous flux is the area of the input aperture of the lons.
Limit. tions on the size of the input [inlet] aperture ¢nd, eonscaguencly,
on the sensitivity of this camera superimpose the need of assuring ¢
definite dupth of sharply transmittable space [depth of focus].

In normal orientation of the station, the closest arecas of the lunar

surface should be located at a distance of 1.5 m from the camera, There-~

fore, thelens of the camera having a focal length of ¥ = 12.4 um and f
a relative aperture of 1:3 is adjusted so as to provide a depth of focus

from a distance of 1.5 m to infinity. As is secen from the obtuined

images, even closer objects--structural ‘elements of the automatic lunar

stetica itscelf-—are quite sharply transmitted. '

The diameter of the cut-off diaphragm which determines the angular
resolving power of the instrument is calculated so as to obtain Ag = 0.00",
here at a distance of 1.5 m the camera permits details of the microrelicr
havine 1 size of 1.5-2 mm to be resolved.

The selecction of the vertical angle of view of the camera is a compro-
Imise between the tendency to the needed angular resolving power and

to the assurance of the coverage of a sufficiently large part of the
surface. Toking into consideration these factors and additional reasons
made it possille to establish a value of vertical angle of coverage

o = 2¢°, This angle is asymmetric with respect to the plane of the
perpendicular oxis of rotation of the camera (18° down, 11° up, asee

g
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in fig. 5), so that the predominant image transmissio« of just the
surface of the moon is provided.

A distinctive fcature of the station is its inclination at a certain
angle provided by the construction. The base of the station and itg
petal mechanism are made so that when the petals are open, the axis of
the station and aloany with it also the axis of the TV camera are in-
clined approximately 16° to the local vertical when on a quite smooth
horizontal field. This assures [provides] one of the closest arcas

of the lunar surface falling into the field of view of the camera and
creates favorable conditions for the image transmission of the micro-
relief from a minimum distance “rom the camera (see fig. 5). This

area with best resolution on the surface is well scen in all the ob-
tained panorams.
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Figure o Figure 6
According to the images, it is evident that the selected vertical angle
of coverage is close to the optimum. It yields the necessary reapreseon- L4
tation of the general structure of the landscape and assures the obtaining

of high-quality, we decipherable images of the details of the microrelic! .

In the horizontal plane, the cam can produce a complete circular field

of view [coveragel (g = 360°), therefore it is more correct to speak ol
obteining circuloramic imagyes. However, complete rotation of the camera

was not made in all cocmmunication sessions, since part of the angle of {
view includes the "sky." 1In the selected process of coverage ci +the arca,

the image obtained at the receiving station has in the general cuse the
relationship of the sides [ratio of the sides]:

no=s o (4)

FFor the camera under study which has a coverage of an arca of 29° x 360°,

n = 12.5. In other words, the transmitied panoramic image cnnsisted
of 12,5 square framcs.

The definition of the image at this angle of coverage and the ancular
resolution were no less than 500 lines per trace and 6000 linas in the
entire panorama. The definition could be estimated according to a
standard test table whose dimensions were inscribed in an angle of 29°,
The curve charactering the definition as a function of the distancn to

the object or, which is the same thing, the depth of focus of the instru-
ment is shown in fig. 6.
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MLECHANISM

The scanning device of the camera was driven by one motor # by means of
a multistage reduction geaxr I (fig. 7).
and consequently high efficiency of the drive stipulated the use of a
DC commutator motor, a miniature machine of the type DPT-2 [ANT-2]
having all the necessary characteristics was therefore used.
stability of the speced of this motor was provided by means of a syn-
chronization unit 70U made according to the simplificd circuit [scheme]
ot phace self-adjustmaent.

(i

basic, and,

The requirement of high economy

The high

The circuit supplies the motor M with
width~modulated DC pulses Lhat are
formed as a result of cormparing the
pulses coming from the rotation sen-
sor RS installed on the motor shaft
with the reference pulses of highly
stable 200-Hz frequency coming from

the onboard timer. The zvnchronization
unit is powered from the self-containcd
onboard voltage stakilizer V51,

In the synchronized mode the motor
spins at a speed of 3000 rpm, then

the scanning spezed is 1 line per
second. The instability of the speed
motor shaft caused by the inaccuracy

in the operation of the synchronization

unit does not exceed 1/20 revolution.

it should be noted, a wvariablec

The variable load makes the operation of the syn-

This condition makes

chronization unit more difficult and can become a source of undesirable
fluctuations in the mechanical system.
to reduce the irregularity of the momentum primarily due to the reduction
of the difference in radii of the cam.
equal to 27 mn, a difference in radii of up to 3 mm could be intreduced.

Since the reverse path is approximately 10%
the angle of 1ift of its profi.e in reverse
the angle of jamming.
turn to transmit the image without difficulties and in reverse rotation
of the cam by reversing the motor.
rotation of the motor was provided in the camera when the motor is
connected directly to the onboard power source.
speed was increased approximately by a factor of 4.
the necessary speed and direction of scan was produced on commands
The camera provided operation in the following modes:

1. 1mage transmission with a speed of 1 line/scc in coverage in one
The time necessary for complete circular coverage is 100 mii..

Therefore, measures were taken

At a mean diameter of the cam

of the rotation of the cam,
is considerably less than
it possible then in its

Also, the possibility of asynchronou:
In this case its

The selection of
from

2. Image trensmission with the same speed and coverage in the reverse

3. Accelerated mode of trausmission—fast forward or reverse. Time of

-] ~ .
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They proved to be quite effective and enabled operation on DC without

complote roitation [revolution] 20--25 nin,

e prescence ob the different modes makes it possible to contreol the
instrument by scanning the most interesting places of the image at a
minimum loss of time which is especially valuable in the limited powver
possibilitics of the station. The third mode is the service mode and
is not designed for obtaining an image, but for operative selectior

of the required scctor of the panorama following observation of the
vidno signal.  ‘The switching on of +-is mode of operation is posgsible
at. thoze times when kransmission of tclemetry information is being
conducted.  Ta doing this, time is not generally lost in the selection
O irterrsting places of the panoraina.

SIGNAL SIHAPING

The light collector in the camera is a photo-clectronic multiplier of
the hecad-on type ($EY-54 [FEU-54 = PM-54]) especially developed for
this camera. It bas a rigid louver construction of dyvnodzss znd small
size:  length 90 mm and diemeter 22 wm. This PM ig distincguished bv
bigh time and temperature stability and also the small time necassary
for the narameters to become steady after turning on.

The majority of I'EU-54 units have an integral sensitivity of not less
than 50 a/lu at a power voltage of 1700 v, the maximum c© the spectral
sensitivity lies in the region of 550 mu.

Tn this camera small luminous fluxes are registered that reach, in an
extreme case, a value on the order of 107'° lu. Accordingly, the signal
current generated by the PM is also measured in thousandths of nicroamps.

At such a small signal current, the PM dark current can be comparable 1
to it in crder of magnitude and appreciaple affect the signal-to~noisa
ratio and the tenperatare stability of the parameters, thecrcfore, special B

meagures were taken that make it possible to reducsthe PM dark current.

siqgnal meodulation.

The characteristics of the light-to-signal conversion is made in the

comera logarithmically and consequently provides linear traasmission

nct of the brightnesses of the objccts, but rather of their optical {
densities, It is known that this type of half-tone transmicsion is '
¢istinguished by the improved quality of image reproduction., YWaking

the logarithm of the video signal takes places duc to the nonlinearity

of two circuits: PM and video signal preamplifier (SA1).

For this nurpose, the PM is specifically placed in a nonlinear mode of
operation by matching the power supply with its individual dynodes,
however, thc degree of nonlinearity here is inadeguate. Therefore,
subgequent formation [shaping] of the logarithmic characteristic of
transmission is produced in a single-stage amplifier of the video

signel which is a direct-heating electron tube—-a super-economical
lov-voltage pentode having substantially nonlincar anode~gceid charac-
teristic, The combination PM-electron tube is very favorable for mwatchi: .
their output and input resistors [resistances]) and providing stable
onplification of DC in a wide temperature range.

1
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The narrow band of the video signal frequency stretchina nominally from

0 to 250 iz and the high input resistance of the wanplifier made it
possille o ectablish a relatively high olwic (tens of megohms) load

+0t «cha PM wherce even at snall signal curreats, voltage is developed

up to scveral volts. The span [coverage] of the anode-grid characteristic
lor: performance curve] of the tube here is practically completely used
ard uo large coefficient of awplification is required from it. At the
input of the tube, the voltage of the video signal is created that is
ateduate Leor controlling the subscguent stage-—the treguency modulator
(i) . '

In this stage, wodulation of the low-froquency subcarricr is produced
egual to L.5 Xz, tow the . b tuping of the communication channel,

& change In the value of deviaticn oi tie subcarricr From 200 to 800 Hz
was provided. ‘The [requency-modulated signal from the comerca outgut
goes to tne radiotransmitter where the phase modulation of radio-
frequency of 185 Milz iz produced.

The arplifier stage also fulfills other functions. In it is produced
a mixing of the phasing puise of roverse into the video =zignal; this
puise is obtained by means of a contact pickup located on oune sharit
with a cem forming a kipp relay (KR). The units examincd are powered
by voltage stabilizer veaz, - :

AUTOMATIC SENSITIVITY CONTROL (ASC)

The uncertain lighing conditions of the operation of the instrument
caused a system of sutomatic control of camera sensitivity to be devel-
oped. Actually, a very broad range of brightnesses of the transmitted
objects covering more than 3 orders of magnitude that can be encountered
on the surface of the mnon made the realization of the command control
ol sensitivity of the instrument very difficult, however, this is not
the main poiant. :

The command control unavoidably provides operation following a method
of trial and error, and conssqguently loss of a certain part of infor-
maticn which is especially inconvenient in the restricted times of
transmission and volume of information to be transmitted.

It was necessary to also take into consideration that the camera con-
tinuously transmit the panoramic imige where the direction of sighting
of the scanniny device ranges trom an angle of 0 to 360°, Here, in
accordance with the scattering curves, the mecan brightness of the sur-
face areas transmitted by the camera also varies. Thus, there arises
the necessity of controlling the sensitivity in the transmission pro-
cess of one panorama and it becomes clear that the command, ordinarily
a discrete change of sensitivity could appreciably deteriorate the
guality of the obtained panoramic image.

In the device under study, automatic control was conducted by means of
& change in the PM sensitivity as a function of thc average bhrightness
¢f the zukbjects to be transmitted. -

TFor the ASC system, a circuit of a classic exposure meter was selected
whnose sensor is a photoresistor equipped with a diaphragm limiting its
field of view. The photoresistor is in the upper portion of the optico--

) .
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mechanical scaanning device and rovolves [r otauu } along with it

from practical photography it is known thot the formal dotermination of

the cwporure by weans of an QXPOSWTe metar Gan e aes L L subye
gﬁ“n?i'l erro.q; th w2 are celled euponomatric erio. ey anti e dos
te 7o non- corresrondence of the average iliweinacion of che eatiso
frons 0f imace and of that part of it thL i Thu Prinnry punnee ofF
the g»t\’)rn'rra >he Space WV ig aspec cially cuohjeci L S ponnaoiric
in sone of sk a;qalix:at iont, in u]);asxw1nr, inagoes or Ju avenly
Loﬂwns, part of the fream :may have o well Lit suviace, and Li‘t““dLLuAl
derk space.  Th2e section of space proves Lo have 2 stvong <{fret in
tVﬁIuQQ illumination of the Frowme [scane]l, which wiil. an solcomatic
motcr fauses an "overetnoeare™ of the aoaero S RIS B S T

InRne panoramic canera, special athention was derestss ‘o Jha develop-
wene of the REC ayelom o as to exclude if possible or weduce esone-
metric ertrors. First of all, after a sevies of cujerinsnts, an optiua
angl“'cf view was selacted for theoe photogensor (see Elg. 5). 1t does
mot cover the entire angle of view of the camera, wut only 137 2 10¢
and ”LlnClueS spproximately with Lhe lower third of the LLUH«: This
location nakes it possible for it to be protected from tha Lk
tne azrit "zhy" as will as from incident solar rays and m“qhiﬁ;i
low altitedes of the sun) .

Ceonelidering thst the

¢
O

alibration of the ASC take: place under terrestiiol
conditicns VD:Ch naturally differ from the lunar vnﬂitiou“ & cowannd
control of the mode Of operation of the ALC 55 vas ¢ntroduced LO
r/ulude any poscible errors and incrn.se LQAMdbLllty. One of tha cow -

mandz increaces the sensitivity of the instrument with raspect o
nowdinal, another reduces it.  The change in transmigsion choavacts . isoice
Loil arc Lilustraced by fig. 8 (Curves I, 77, /i),
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Figure & Figure 9

One should not2 that the ]og**ltnmLc Lronsnission charectevistic [ner-
focnance curve] of the instrument makes it little sensitive to inacousr

w
of the ASC system and in the schenatic relations ship simplifics iis
plotting.
The most effective method of controll;ng the sensitivity of the Pl ig
the change in the total voltage szupplying its dynudes. Havs thars is <
a gradual [step-by-sizp] dependence of the cocfficicnt of il ampliji-
cation on the power supply. If the performance curv. of ke Lighi-pe-
. 3 . . = - i
signal conversion is indeed logarithuic, then theso 5 0 Tinou: Fapond. e
neiveen thoe conntruilJng effect (voltage at the 2v) 1 ke outnuc
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signal. In this casec, there also occurs: photoresistor PR creates a
signal approximately proportional to the avavage brightness which is
powered through the DC power amplifier SA2 by the high-voltage converter
VC from which the voltage is fed to the PM.

The camera provides normal image transmission in the illumiration range
from 80 to 150,000 lux for a surface having the characteristics of the
lunar soil. Fiqure & shows the curve describing the operation of the
Al system. Tt shows the ampiitude of the output video signal Uy,
drawn as a function of the illumination of the object of transmission ..

When & < 500 lux, the ASC system does not operate, but normal image
transmissjon is possible by giving a command to increase the sensitivity.
The minimum illumination at which transmission of a satisfactory image
is assured is avproximately 80 lux. :

The R5C systen unavoidably excludes any information as to the mean
Frightness of the objects to he transmitted from the output signal;
however, this information may be of interest. Therefore, indirect trans
mission of this information was provided in this camera; the carrier

of this information is the width-modulated phasing pulse of reverse.

For this purpose the signal from the photoresistor, having passed
tarough amplifier SA2, simultanecusly reaches the circuit controlling
‘the pulse width of the kipp relay KR. '

CONSTRUCTION OF THE CAMERA

The TV cam2ra has a cylindrical shape (fig. 10). The lower portion of
~Lie camera is a container of magnesium alloy with a flange and hermetic
joinl. The carera is partially (up to the level of the flange) fused
. into the body of the station, the
o T T flange providing hermetic sealing.

v m e emreepe The upper exterior portion of the

gy camera projecting beyond the branches
R of the hermetic body of the station
e Ty is gilded, which reduces its heating
ST : due to heat radiated by the lunar f
b | surface and the sun. 1n addition, R
TIwT L  w for protection from the incidence
o S S T of direct solar rays at great alti-

BT e tudes of the sun, a heat-insulating
screen was installed on the upper
portion of the TV camera. The cal- |
culated temperature range at which i
the camera must opcerate lies within ‘
temperatures of ¢° =-120 to +50°C. {
, Practical tests showed that normal o
e et image transmission can occur even
at +80°C.

The internal portion of the camera
Figure 10 contains a}l necessary units and
subassemblies shown in the block o
diagram. Voltages of the power source, synchronized frequency, and o
controlling commands are fed thrcugh the thermojoint into the camera.
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I'rom hore the output frequency-modulated signal arrives at the radio
unit of the station.

tnus, the internal portion of the camera is not connected with the
nermetic velume of the station's body. This construction solution
reculred taking the liecessary measures to guarantee its normal operation
uider the conditions of the vacuum of Space.

it is knewn that at very high vacuum (below p = 107% mm Hg) there arisc

o hurber of phenomena which in the final analysis lead to a sharp rise

in =ke friction of operating mechanisms right up to their jamming and
welding of individual parts. For an instrument having an optico-mechanical
zcanning device driven by a DC commutator moter, the effect of high
vacuwn vwas especiallv dangerous. At the present time special lubricatine
erd construction materials are being developed that makzs it possible

to create mechanisns that operate reliably in a high vacuum. Howaver,

in this case tiey are almost not used and the problem of protection herc
“as solved in another way. In spite of the fact that the internal voluu:
of the cumera is non-hermetic in practice, its construction is such

that the pressure on the inside cannot fall below 10~ *—10"° mm Hg, i.e.,
reaching those values at which the damaging effects originate. This
nathod of protection (it may be called vacuum sCreening) was first

tested under terrectrial conditions and in experimeental flights of

cameras ahoard satellites, where its reliability was shown.

D

1e external screening cowl of the camera has a comple:x construction.
ts hase is a ricid metal cylinder with windows that provide the neces-
sary angle of coverage for the scan-
e ning device (fig. 11). The windows
do T are stretched [over] by a thin (50u)
fﬂj;“'w\ transparent lavsan [Russian acronym
Sl d for: Laboratory of High Molecular
GO Compounds of the Academy of Sciences
S | ., of the USSR; a term for a type of
el i S o J plastic] film which does not intro-
e duce any optical distortions in the
o i image to be transmitted and not only
e provides vacuum screening, but also
protection from dust and mechanical
damage. :
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; . 7 All mechanical elements of this
wonn < L scanning device are made with high
' accuracy, but are not of [high] pre-
Fiaupe 11 cision. In this camera, the error

of the scanning device does not ex-
ceed 1/3 of the TV clement.

In the cdevelopment of the electronic portion, special attention was given
to attaining maximum simplicity and reliability of circuit solutions.

The rational construction of the mechanical and electronic portions of
the instrument made it possible to satisfy the initial technological
rejuiremcnts with a considerable surplus.

The weicht of “he camera is 1300 grams and its size witho.t flange—
’ , . } y
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80 x 205 mm. The power rcquired does not exceed 2.5 W,
RESULTS OF OPLERATION

The operation of the panoramic cameras aboard the automatic lunar
stations fLuna-¢9 and Luna-13 completely confirm the validity of the
calculations and suppositions assumed [made] in their manufacture.
Specifically, one shauld note the optimization of this TV system, its
correspondence to conditions of operation abourd the station and the
scientific problems poced. Although the total volume of transnitted
information was comparativelyv swmall (several panoramas or more than

40 square rrames), it made it possible to obtiain qualitatively new and
valuable information concerning the characteristics of the lunar suface.
The TV sysvem of the American spacecraft furveyor that became the second
station after Lunr-¢ to achieve a soft landing on the moon transmitted
more than 10,000 frames, but did not substantially add any new infor-
naticn to the 2already obtained results.

liith the station Luna-o Stereoscopic images were transmitted for the
first tire of quite small formations of the lunar surtace. DPart of
these images was ohtained in accordance with the intended program of
operation. For this purpose a dihedral [two-faceted] mirror providing
a stereobase for very narrow (approximately 4°) of the sectors of the
panorama was installed in the field of view of the camera. However,
the most abundant stereoscopic information was obtained due to a

shift [in the position] of the station thr.sugh the period of time that
pass=c between the transmission of the firs. and third panoramas. ‘This
shift, the cause of which is not completely led to the avpearance of

& sterecbase having a value of 9 cm. Of course, the first and third
;@noramas are not quite accurate stereopairs, sincc che height of the
sun and conccguently the length of the shadows when they were trans-
mitt.d were disrferent. Nevertheless, in examining this stereopair,

the eve adapts itself to its ‘peculiarity giving preference to the
shadows of one of the images, at the same time the volumicity {3d effect]
of the observed objects appears to a full degree. The stereo effecct
aiso facilitates considerably ‘the decipherirg and photogramnetric
development of the image, the results of which are presented elsewhere
[ref. #2]. -

The panoramic camera of Luna-9 was the first high~-quality device of
wechanical television that operated practically in space. Various
"terrestrial” applications can also be found for such cameras, which
opens new interesting opportunities in applied television.
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